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Sarcophagidae (Diptera) are potential vectors of several pathogens. They
are also very important in forensic entomology, providing basic informa-
tion on the circumstances of death. The objective of this study was to
determine the synanthropic index of adult Sarcophagidae collected in
Rio Claro, state of São Paulo, southeastern Brazil. Sampling occurred be-
tween September 2009 and August 2010. Traps baited with sardines, beef
liver, or minced meat were set for five consecutive days per month in
three distinct ecological areas representing urban, rural, and forest envi-
ronments. A total of 440 specimens of sarcophagids were collected. The
most abundant species was Peckia (Sarcodexia) lambens (Wiedemann),
followed by Oxysarcodexia thornax (Walker), Peckia (Euboettcheria)
collusor (Curran & Walley), Peckia (Euboettcheria) sp., and Peckia
(Pattonella) intermutans (Walker). The only species with positive
synanthropic index values were O. thornax and P. (S.) lambens, which
demonstrated a greater preference for inhabited areas. Peckia
(Euboettcheria) florencioi (Prado & Fonseca), P. (P.) intermutans, and
Peckia (Euboettcheria) australis (Townsend) were only found in the for-
ested area, which demonstrates their importance in forensic entomology
because of their preference for a particular type of environment. The
greatest number of sarcophagids was found in the forest environment;
however, only the forest and rural areas were significantly different in
Sarcophagidae abundance.
Introduction
Synanthropic flies have adapted to environmental changes
caused by humans and have great medical and sanitary im-
portance (Greenberg 1971, Axtell 1986). Muscoid flies proba-
bly developed an association with humans at the beginning
of the evolutionary journey of our hominid ancestors, taking
advantage of food debris deposits, animal carcasses, and
feces; with animal domestication, several species of coproph-
agous and sarcosaprophagous flies were also associated with
humans (Prado 2003).
Nuorteva (1963) described synanthropic flies as species
with the ability to utilize favorable conditions created by
humans, and he created an index that is used when compar-
ing the quantitative data of a given species in three distinct
ecological zones: urban, rural, and forest areas. From this
index, the degree to which a species is associated with
humans and their modified environments can be inferred.
Immature and adult Sarcophagidae flies feed on several
substrates, e.g., corpses, urban waste, and feces; conse-
quently, they become potential vectors of several pathogens
(Greenberg 1971). Because they are involved in cadaveric de-
composition, this family is also very important in forensic
entomology, providing basic information on the circum-
stances of death (Souza & Linhares 1997, Oliveira-Costa
2003).
The objectives of this study were to (1) elucidate
sarcophagid species distribution, (2) investigate possible sea-
sonal variations in their occurrence, (3) determine the
synanthropic index of the commonest species, and (4) deter-
mine whether different sarcophagids exhibit preferences for
a particular location or a certain bait.
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Material and Methods
Sample sites
The municipality of Rio Claro (22°24′53.648″S, 47°33′54.502″
W) is located in the center-east region of the state of São
Paulo, southeastern Brazil, and covers an area of 499.9 km2,
which includes rural, urban, and forest environments and the
Assistência, Ajapi, Batovi, Ferraz, and Itapé districts. The mu-
nicipality has a predominantly tropical climate, with twowell-
defined seasons. The wet season occurs from October to
March (1200-mm rainfall in 55–60 days) and the dry season
from April to September (180–200-mm rainfall in 15–20 days)
(Troppmair 1978).
The present study was conducted in three different envi-
ronments in the municipality: rural, forest, and urban areas.
The rural area was the property of a soybean and corn pro-
ducer (22°20′14.141″S, 47°32′46.729″W). The forest area was
the Edmundo Navarro de Andrade State Forest (22°25′
10.624″S, 47°3′17.831″W), which covers 2.230 ha. The natural
vegetation consists of Cerrado and semideciduous forest,
and the dominant vegetation consists of several Eucalyptus
spp. (Castellano et al 2013). The urban area was the Santana
campus of the Univ Estadual Paulista at Rio Claro, São Paulo
state (22°23′58.326″S, 47°34′19.518″W), which is a wooded
area that has been occupied by humans for several decades
and is surrounded by residential properties.
Collection procedure
Specimens were collected using traps modified from Ferreira
(1978), which were made from 2-L plastic bottles that had
been cut in half. The bottoms of the bottles were covered
with black paint, and the upper halves remained transparent
and supported a collection bag to hold the insects after being
attracted to the bait.
Sardines, minced meat, or beef liver were used as
baits. In each trap, 100 g of bait was placed and was
not changed until the end of each collection. We
placed three traps at each sampling site, each contain-
ing one type of bait. The traps were hung in trees
approximately 1.5 m above the ground and spaced
equally at approximately 13 m.
The traps were open for five consecutive days, and
samples were collected every 24 h after the second
day by withdrawing the collection bag; trapped insects
were fixed in 70% ethanol for later species identifica-
tion. The traps were reassembled after the collection
procedure. Monthly collections were performed be-
tween September 2009 and August 2010. The speci-
mens were identified based on the dichotomous keys
of Carvalho & Mello-Patiu (2008).
Data analysis
Friedman’s chi-square test was used to statistically compare
the Sarcophagidae groups in the three environments. If a
significant difference was found between the groups, multi-
ple comparisons were made between each pair. Statistical
procedures were performed according to the recommenda-
tions of Siegel & Castellan (1988), including between seasons,
using the R Development Core Team (2011) program.
Similarities among the baits in each environment were
calculated using the Bray & Curtis (1957) index, which is
based on distances calculated from the module of differ-
ences between the sample densities of each species
(Nering & Von Zuben 2010).
We also calculated the synanthropic index (Nuorteva
1963) to ascertain which was the most common species
(n≥ 15), using the following formula:
IS ¼ 2aþ b−2c
2
where
a the percentage of a given species in urban area relative
to the percentage of the same species in rural and forest
areas
b the percentage of species in rural areas, and
c the percentage of species in forest areas.
Results
A total of 440 Sarcophagidae specimens were collected. The
most abundant species was Peckia (Sarcodexia) lambens
(Wiedemann) with 18.2%, followed by Oxysarcodexia
thornax (Walker), Peckia (Euboettcheria) collusor (Curran &
Walley), and Peckia (Euboettcheria) sp., with abundances of
17.9, 12.7, and 10.4%, respectively. Other species or
morphotypes were found at low percentages (Online
Supplementary Material - Table S1). Most of the
Sarcophagidae were collected in the forest (67.7%), followed
by the urban (21.1%), and rural areas (11.1%) (Online
Supplementary Material - Table S2). The Friedman test
confirmed that the three areas were not equal with
respect to abundance (Fr = 12.54, p = 0.0019). A pair-
wise comparison revealed that only forest and rural
areas differed significantly from each other (p < 0.05).
The only species that exhibited positive synanthropic index
values wereO. thornax (+43.59) and P. (S.) lambens (+3.085).
The values for the other species were negative (Online
Supplementary Material - Table S2).
Analyzed together, the three baits attracted significantly
different numbers of Sarcophagidae (Fr = 13.54, p =0.001).
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Pair-wise comparisons revealed that the number of
sarcophagids attracted to sardines, minced meat, and beef
liver differed significantly (p < 0.05). Oxysarcodexia
angrensis (Lopes) and P. (Pattonella) intermutans were
mainly attracted to beef l iver. In contrast, P.
(Squamatodes) ingens, Peckia (Euboettcheria) anguilla
(Curran & Walley), and Peckia (Euboettcheria) sp. were
more attracted to minced meat. Peckia (S.) lambens,
Oxysarcodexia sp., O. thornax, Oxysacordexia avuncula
(Lopes), and P. (E.) collusor preferred sardines (Online
Supplementary Material - Table S3).
Helicobia aurescens (Townsend), Bercaea cruentata
(Meigen), and morphotype 2 only ate beef liver. Peckia
(P.) chrysostoma (Wiedemann), Oxysacordexia parva
(Lopes), Peckia (P.) pexata (Wulp), and morphotype 3
were only captured on minced meat. Helicobia sp.,
Oxysacordexia diana (Lopes), Oxysacordexia admixta
(Lopes), Oxysacordexia culmiforcipes (Lopes), Sarcophaga
(Lipoptilocnema) crispula (Lopes), Peckia sp., and
morphotype 1 were only found on traps baited with sar-
dines (Online Supplementary Material - Table S3).
Oxysacordexia paulistanensis (Mattos) was found on all
three baits in equal numbers on minced meat and beef liver
but fewer on sardines. Peckia (Euboettcheria) florencioi
(Prado & Fonseca) was also captured on all three baits in
equal abundance on minced meat and sardines but fewer
on liver. Ravinia belforti (Prado & Fonseca) and Peckia
(Euboettcheria) australis (Townsend) were only caught on
two baits, beef liver or sardines, and minced meat or
sardines, respectively, but both species occurred in
great numbers on sardines (Online Supplementary
Material - Table S4).
There was a significant difference in Sarcophagidae
abundance between seasons (df = 3, p = 1.236e-05). The
greatest number of flies was collected in spring, with
296 (67.3%) specimens, followed by summer with 90
(20.4%), autumn with 36 (8.2%), and winter with 18
(4.1%) (Online Supplementary Material - Table S4).
Peckia (S.) lambens, Oxysarcodexia sp., O. thornax,
P. (E.) florencioi, and Peckia (Euboettcheria) sp. were
present in all seasons. Oxysacordexia admixta (Lopes),
P. (E.) australis, P. (P.) chrysostoma, O. parva, S. (L.)
crispula, Peckia sp., P. (P.) pexata, morphotype 1,
morphotype 3, O. culmiforcipes, O. angrensis, and
H. aurescens were collected only in the spring.
Helicobia sp., B. cruentata, and morphotype 2 were
found only in the summer, and O. diana only in the
autumn. No species was collected only in the winter
(Online Supplementary Material - Table S4). Urban and
rural areas had the lowest Bray–Curtis index value
(0.37062937) (Table 1) and the same occurred with
minced meat and sardines in urban and forest areas
(0.5641; 0.2522) (Table 2).
Discussion
Peckia (P.) intermutans, P. (E.) australis, and P. (E.) florencioi
only occurred in the forest environment and are highly
asynanthropic because they were not present in
environments modified by humans; similar results were
obtained by Linhares (1979) for all three species and by
Dias et al (1984) for the latter species. One explanation for
this is that urban and rural areas do not contain a wide
variety of substrates that serve as food and/or oviposition
sites, unlike forested areas.
Because sarcophagid species choose a specific type of
environment, they are important in forensic entomology
for the determination of the original scene of the crime in
the case of body displacements. Peckia (E.) australis has been
found colonizing decaying animal carcasses (Monteiro-Filho
& Penereiro 1987, Salviano et al 1996, Carvalho & Linhares
2001). Salviano et al (1996) stressed the importance of P. (P.)
intermutans in criminal investigations in the state of Rio de
Janeiro, Brazil, which is also considered indicative of IPM in
the state of São Paulo, Brazil (Souza & Linhares 1997,
Carvalho et al 2000, Oliveira-Costa et al 2001).
Furthermore, it is noteworthy that P. (P.) intermutans has
been found on human corpses in Brazil (Barros et al 2008).
Peckia (E.) anguilla, P. (S.) ingens, and P. (S.) lambens
occurred more frequently in the forested area than in the
other areas, as observed by Linhares (1979). According to
Linhares (1979) synanthropic index values, the first two spe-
cies were entirely absent in environments inhabited by
humans, and the latter species were mainly found away
from human settlements. The only species that exhibited a
preference for areas inhabited by humans was O. thornax,
Table 1 Bray–Curtis index values used to compare species
composition in the collection locations.
Bray–Curtis index
Forest/urban 0.45116279
Forest/rural 0.676923076
Urban/rural 0.37062937
Table 2 Bray–Curtis index values obtained with different baits in the
three collection locations.
Minced meat Sardine
Forest Liver 0.5351 0.4972
Minced meat – 0.2522
Rural Liver 0.6 0.7949
Minced meat – 0.6956
Urban Liver 0.5882 0.6351
Minced meat – 0.5641
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unlike the findings of Ferreira (1979) and Dias et al (1984).
The urban environment has unique characteristics, e.g.,
waste accumulation, which this species is probably attracted
to for food. It is also important in forensic entomology, be-
cause it has been found on human corpses in Brazil (Barros
et al 2008). O. avunculawas not found in the urban area, but
was common in the forest area. Dias et al (1984) observed
that this species is completely absent in areas inhabited by
humans, corroborating the results of the present study.
Ravinia belforti was only absent in the forest. This corrobo-
rates the results of Linhares (1981) and Dias et al (1984), who
observed that this species has a preference for areas
inhabited by humans.
The forest was the preferred environment of the
Sarcophagidae. One possible explanation for this is that al-
though the forest is dominated by Eucalyptus species, areas
with savannah vegetation contain a great diversity of insects
and vertebrates, the carcasses of which serve as a substrate
for flesh flies. Furthermore, because the forest has been
conserved for several years, there are many large trees,
which have resulted in a relatively cool environment in com-
parison to the other two habitats studied, allowing the oc-
currence of species that prefer low temperatures (Souza &
Zuben 2012).
Sardines attracted several sarcophagid species and
have been the most popular bait in population surveys
of muscoid flies (e.g., Ferreira 1978, Linhares 1981,
D’almeida & Lopes 1983, Carraro & Milward-de-Azevedo
1999, Marinho et al 2003), even in forests (Lopes 1973,
D’almeida & Lopes 1983). In a study conducted in Saudi
Arabia, it was found that fish bait was preferred by two
of the three fly species collected (Abouzied 2010).
Furthermore, Yepes-Gaurisas et al (2013) reported that
using fish to attract Sarcophagidae is highly effective.
Minced meat and sardines in urban and forest areas
were the most similar in attracting species, suggesting
that future surveys of Sarcophagidae should avoid only
using these baits in these environments. In rural areas,
the same occurred with minced meat.
The Bray–Curtis index revealed that the rural and urban
areas were similar in species composition. This may be due to
anthropic modifications attracting species that are adapted
to these environments. Although the sarcophagid family is
distributed worldwide, its diversity is remarkably concentrat-
ed in nearby Ecuador regions (Pape 1996). In the present
study, significantly more Sarcophagidae specimens were col-
lected during the warmer seasons, probably because they
prefer high temperatures.
The results of the present study suggest the need for
additional surveys to better understand the association of
the species studied with different biotic and abiotic factors
and to understand possible future changes in their
synanthropic index values.
Acknowledgments The authors wish to thank FAPESP and CNPq for
scholarships and to the Post Graduate Program in Biological Sciences
(Area of Zoology), Biosciences Institute, UNESP, Rio Claro, São Paulo,
Brazil. Furthermore, we thank Dr. Patricia J. Thyssen (Federal
University of Pelotas, Rio Grande do Sul state, Brazil), Dr. Júlio Mendes
(Federal University of Uberlandia, Minas Gerais state, Brazil), and Carlos
Alexandre Alves (Campinas State University, São Paulo state, Brazil) for
their help in the identification of the Sarcophagidae specimens.
Electronic supplementary material The online version of this article
(doi:10.1007/s13744-016-0411-0) contains supplementary material,
which is available to authorized users.
References
Abouzied EM (2010) Effect of the climate and some different protein
diets on the visitation pattern of flesh and blowflies of Gebel Al-Baher,
Al-Baha Province, Kingdom Saudi Arabia. Egypt Acad J Biol Sci 3(1):
133–144
Axtell RC (1986) Fly management in poultry production cultural, biolog-
ical and a chemical. Poult Sci 65:657–667
Barros RM, Mello-Patiu CA, Pujol-Luz J (2008) Sarcophagidae (Insecta,
Diptera) associados à decomposição de carcaças de Sus scrofa
Linnaeus (Suidae) em área de Cerrado do Distrito Federal, Brasil.
Rev Bras Entomol 52(4):606–609
Bray JR, Curtis JT (1957) An ordination of the upland forest communities
of Southern Wisconsin. Ecol Monogr 27:325–349
Carraro VM, Milward-de-Azevedo EMV (1999) Quantitative description
of Calliphorid dipterans captured on the Campus of the Federal Rural
University of Rio de Janeiro using sardine bait. Rev Bras Zoociências 1:
77–89
Carvalho LML, Linhares AX (2001) Seasonality of insect succession and
pig carcass decomposition in a natural forest area in southeastern
Brazil. J Forensic Sci 46:604–608
Carvalho CJB, Mello-Patiu CA (2008) Key to adults of the most common
forensic species of Diptera in South America. Rev Bras Entomol 52(3):
390–406
Carvalho LML, Thyssen PJ, Linhares AX, Palhares PAB (2000) A checklist
of arthropods associated with pig carrion and human corpses in
southeastern Brazil. Mem Inst Oswaldo Cruz 95(1):135–138
Castellano GR, Camarinho RJ, Junior JCA, Sixel RMM, Silva PHM (2013)
Crescimento de eucaliptos quase centenários no Horto de Rio Claro.
Piracicaba: Piracicaba, 2013. 14 p. (Circular Técnica do IPEF, 205). URL:
http://www.ipef.br/publicacoes/ctecnica/nr205.pdf. Acessed on 05.
03.2015
D’almeida JM, Lopes HS (1983) Sinantropia de dípteros caliptrados
(Calliphoridae) no Estado do Rio de Janeiro. Arq da UFRRJ 6:39–48
Dias ES, Neves D, Lopes HS (1984) Estudos sobre a fauna de
Sarcophagidae (Diptera) de Belo Horizonte, Minas Gerais. I.
Levantamento taxonômico e sinantrópico. Mem Inst Oswaldo Cruz
79:83–91
Ferreira MJM (1978) Sinantropia de dípteros muscóides de Curitiba,
Paraná. I: Calliphoridae. Rev Bras Biol 38:445–454
Ferreira MJM (1979) Sinantropia de dípteros muscóides de Curitiba,
Paraná. II Sarcophagidae. Ver Bras Biol 39(4):773–781
Greenberg B (1971) Flies ands disease. Ecology classification and biotic
associations. Princeton University Press, Princeton, vol 1, 856 p
Linhares AX (1979) Sinantropia de dípterosmuscóides de Campinas. MSc
Thesis. Universidade Estadual de Campinas, Campinas, SP, 129 p
Linhares AX (1981) Synanthropy of Calliphoridae and Sarcophagidae
(Diptera) in the city of Campinas, São Paulo, Brazil. Rev Bras
Entomol 25(3):189–215
640 de Souza & Von Zuben
Lopes HS (1973) Collecting and rearing Sarcophagidae flies (Diptera) in
Brazil, during forty years. An Acad Bras Cienc 45(2):279–291
Marinho CR, Azevedo ACG, Aguiar-Coelho VMA (2003) Diversidade de
califorídeos (Diptera: Calliphoridae) em área urbana. Rio de Janeiro.
Entomol Vectores 10(2):185–199
Monteiro-Filho EKLA, Penereiro JL (1987) Estudo da decomposição e
sucessão sobre uma carcaça animal numa área do estado de São
Paulo, Brasil. Rev Bras Biol 47:289285
Nering MB, Von Zuben CJ (2010) Métodos Quantitativos em
Parasitologia, 1st edn. Funep, Jaboticabal, SP, 78 p
Nuorteva P (1963) Synanthropy of blowflies (Dipt., Calliphoridae) in
Finland. Ann Entomol Fenn 29:1–49
Oliveira-Costa J (2003) Entomologia forense: quando os insetos são
vestígios. Campinas. Ed. Millennium, pp 39–42
Oliveira-Costa J, Mello-Patiu CA, Lopes SM (2001) Dípteros muscoideos
associados com cadáveres humanos no local da morte, no estado do
Rio de Janeiro, Brasil. Bol Mus Nac Nova Ser Zool 470:1–10
Pape T (1996) Catalogue of the Sarcophagidae of the World (Insecta:
Diptera). Memoirs on Entomology International 8. Associated
Publishers, 558 p
Prado AP (2003) Controle das principais espécies de moscas em áreas
urbanas. O Biológico 65:95–97
R Development Core Team (2011). R: a language and environment for
statistical computing. R Foundation for Statistical Computing, Vienna,
Austria. ISBN 3-900051-07-0, URL: http://www.R-project.org/.
Accessed 05.10.2010
Salviano RJB, Mello RP, Santos RFS, Beck LCN, Ferreira A (1996)
Calliphoridae (Diptera) associated with human corpses in Rio de
Janeiro, Brazil. Entomol Vectores 3:145–146
Siegel S, Castellan JRNJ (1988) Nonparametric statistics for the behav-
ioral sciences, 2nd edn. McGraw-Hill, New York
Souza AM, Linhares AX (1997) Diptera and Coleoptera of potential fo-
rensic importance in southeastern Brazil: relative abundance and sea-
sonality. Med Vet Entomol 11(1):8–12
Souza CR, Zuben CJV (2012) Diversity and synanthropy of Calliphoridae
(Diptera) in the region of Rio Claro, SP, Brazil. Neotrop Entomol 41:
243–248
Troppmair H (1978) Aspectos geográficos: quadro natural. Museu
Histórico e Pedagógico Amador Bueno da Veiga, Rio Claro, pp
75–87
Yepes-Gaurisas D, Sanchez-Rodriguez JD, De Mello-Patiu CA,
Wolff Echeverri M (2013) Synanthropy of Sarcophagidae
(Diptera) in La Pintada, Antioquia-Colombia. Int J Trop Biol
61(3):1275–1287
Synanthropy of Sarcophagidae in southeastern Brazil 641
